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Introduction: Impact crater morphology can be a 
very useful tool for probing planetary interiors, but 
nowhere in the solar system is a greater variety of cra-
ter morphologies observed (Fig. 1) than on the large 
icy Galilean satellites Ganymede and Callisto [e.g., 1-
3].  As on the rocky terrestrial planets, impact crater 
morphology becomes more complex with increasing 
size on these satellites.  With increasing size, however, 
these same craters become less like their counterparts 
on the rocky planets.  Several impact landforms and 
structures (multiring furrows, palimpsests, and central 
domes, for example), have no obvious analogs on any 
other planets.  Further, several studies [e.g., 4-6] have 
drawn attention to impact landforms on Europa which 
are unusual, even by Galilean satellite standards.  
These radical differences in morphology suggest that 
impact into icy lithospheres that are mechanically dis-
tinct from silicate lithospheres may be responsible.  As 
such, large impact structures may be important probes 
of the interiors of these bodies over time [e.g., 7].  
The first goal of this work is to integrate and corre-
late the detailed morphologic and morphometric meas-
urements and observations of craters on icy Galilean 
satellites [e.g., 4, 8-12] with new detailed mapping of 
these structures from Galileo high-resolution images.  
As a result, we put forward a revised crater taxonomy 
for Ganymede and Callisto in order to simplify the 
nonuniform impact crater nomenclature cluttering the 
literature.  We develop and present an integrated model 
for the development of these unusual crater morpholo-
gies and their implications for the thermal evolution of 
these bodies. 
Mapping Results: We have organized our classifi-
cation scheme into 6 distinct impact morphologies for 
craters larger than 40 km on Ganymede and Callisto: 
(1) central pit craters, (2) central dome craters, (3) 
anomalous dome craters, (4) penepalimpsests, (5) pal-
impsests, and (6) multiring structures (Fig. 1).  This 
diversity is a unique occurrence in our solar system.  
This new taxonomy is similar to but updated from that 
of [1].  These landforms are not solely part of a size-
progression of crater morphologies but are rather major 
variations of crater style within the 60-250 km size 
range.  Evidence indicates we are seeing a spectrum of 
changing landforms over time as well as scale.  
Hypotheses for Modeling: In our modeling we 
consider hypotheses in which there are three major 
factors controlling large impact feature evolution: (1) 
the lithospheric temperature gradient during the geo-
logic time-period of impact; (2) surface gravity; and 
(3) impactor velocity, size, and composition.  A poten-
tial unifying concept and the subject of our initial in-
vestigation is the role of a promptly formed pool of 
(water) melt following impact and how that pool might 
change in size, shape and depth as a function of impac-
tor energy and the state of the substrate at time of im-
pact (Fig. 2).  (Note that the subsurface melt pool con-
cept is implicit in earlier work [e.g., 13].)  So, for in-
stance, the pits of pit craters may form in lieu of a cen-
tral peak because the H2O simply melted where other-
wise the peak would have formed in a silicate target.  
A small subsurface lens of water later freezes under the 
pit, expanding and raising the rim of the pit.  The 
domes of central dome craters form along the same 
lines as hypothesized for central pit craters but the size, 
volume and location of the melt pool is such that, once 
solidified, as warm ice it upwells diapirically to form a 
dome.  The raised floors and rims of penepalimpsests 
are, in this scenario, the consequence of ever more 
extensive lenses of melt that expand upon freezing.  
We have formulated specific and testable hypothe-
ses about the role of each of above-mentioned factors 
(lithospheric temperature gradient, surface gravity, 
impactor characteristics) in the formation and evolu-
tion of the impact and the subsequent structures. For 
example, pre-existing sub-surface liquid H2O layers 
should have testably different effects on impact mor-
phology as compared to melt pools formed during im-
pact.  Our main tool for this work is the hydrodynam-
ics (shock wave) code CTH from Sandia [14]. The 
CTH code also includes material property models 
(strength, fragmentation) and a simple formulation of 
heat diffusion.  Simulation geometries in two and three 
dimensions are possible.  We will present the results of 
our initial investigations.  
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Figure 1.  The classification scheme for large impact features on icy Galilean satellites of ever increasing size 
used in this study.  Note scale bars in each frame equals 30 km.  They are (a) Pit Crater;  (b) Dome Crater;  (c) 
Anomalous Dome Crater;  (d) Penepalimpsest;  (e) Palimpsest; and  (f.) Multi-ring structure. 
Figure 2.  Schematic illustration of one of the hypotheses we are evaluating in this study.  The left column repre-
sents crater profiles and simplified substructure at early time following the formation of the initial crater.  The right 
column represents the end-member evolution of the impact feature’s morphology.  Frames a-b, c-d, and e-f repre-
sent a pit crater, dome crater, and penepalimpsest respectively.   Here we consider the possibility of the role of a 
promptly formed pool of (water) melt following impact and how that pool might change in size, shape and depth as 
a function of impactor energy and the state of the substrate at time of impact (dark blue pools in the left column).  
In this case the central pits of craters form in lieu of a central peak, for example as seen in (a).  A small subsurface 
lens of water eventually freezes under the pit, expanding and raising the rim of the pit as seen in (b).  The domes of 
central dome craters form along the same lines as hypothesized for central pit craters but the size, volume and loca-
tion of the melt pool is such that, once solidified, as warm ice it upwells diapirically to form a dome as seen in (d) 
and (f).  The raised floors and rims of penepalimpsests (f) are, in this scenario, the consequence of ever more exten-
sive lenses of H2O melt that expand upon freezing. 
